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ABSTRACT 
The paper examines the range of issues associated with 
the  optimization  of  bolted  joint  connections  between 
honeycomb panels, representative of spacecraft structures.  
The  first  part  of  a  large  body  of  work,  involving  the 
application of experimental, finite element and analytical 
methods, has been carried out.     
A  procedure  has  been  developed  to  maximize  the  load 
carrying  capability  per  unit  mass  of  shear  joints  by 
optimizing the balance between the number of bolts and 
the size of the bolts used in the joint system.  
The finite element method has been used with the primary 
aim  of  analyzing  the  stress  levels  experienced  by  the 
connection strips of bolted joints under different loading 
conditions  and  to  investigate  the  effect  of  modifying 
various design parameters (e.g. connection strip thickness 
and number of bolts). 
Lastly, a test campaign has been carried out to asses the 
performance of honeycomb panel inserts subjected to out 
of  plane  loads  in  “T”  joint  applications.  Test  results 
obtained from two different insert systems are compared 
together  with  static  strength  capability  results  obtained 
from an analytical model.  
1  INTRODUCTION 
Honeycomb  panels  are  extensively  used  in  spacecraft 
structures due to their high specific strength and specific 
stiffness  properties.  Honeycomb  panels  are  advanced 
sandwich elements consisting of low modulus lightweight 
cellular  (honeycomb)  core  sandwiched  between  high 
modulus,  high  strength  face  sheets.  The  assembly 
maximizes stiffness-to-weight ratio and bending strength-
to-weight  ratio,  resulting  in  a  panel  structure  that  is 
particularly  effective  at  carrying  distributed  loads. 
Because  of  these  attributes  honeycomb  panels  are 
extensively used in spacecraft structures. 
Bolted  joints  are  the  normal  choice  when  connecting 
honeycomb  panels  to  form  spacecraft  assemblies. 
Because  of  the  weakness  of  the  core,  honeycomb 
sandwich structures are not suited to carrying point or line 
loads. A local reinforcement of the core, usually in the 
form  of  one  or  more  metallic  inserts,  is  thus  required 
where the joint is to be established. This feature makes 
this  type  of  bolted  joints  different  and  slightly  more 
complex than conventional ones. 
One  of  the  disadvantages  in  using  bolted  joints  and 
mechanical  fastenings  in  general  is  that  they  add  more 
mass  than  other  attachment  methods  such  as  welds  or 
adhesive  bonds
[1].  In  a  spacecraft  where  the  primary 
structure consists of an assembly of honeycomb panels, 
bolted joints can represent a significant proportion of the 
mass  of  the  structural  subsystem.  Considerable  mass 
savings  can  thus  be  gained  by  optimizing  bolted 
connections in terms of load carrying capability per unit 
mass. In light of this, a project is underway to develop a 
procedure  to  aid  the  spacecraft  designer  in  selecting 
optimum joint configurations.   
2  TYPES OF JOINTS 
The  three  main  configurations  in  which  honeycomb 
panels are normally connected are the following: 
•  In-plane Joints 
•  ‘T’ Joints 
•  Corner Joints 
These are briefly described in the following subsections. 
2.1  In-plane Joints 
An illustration of an in-plane joint between honeycomb 
panels is shown in the following Figure: 
 
FIG 1.  Illustration of an in-plane joint  between 
honeycomb panels. 
The in-plane panel joint ideally operates as a shear joint in 
which the loads are transmitted in the transverse direction 
to the longitudinal axis of the bolts. Such joints can be 
designed  according  to  two  fundamentally  different 
philosophies: 
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Strips •  Friction grip or slip resistant design  
•  Bearing type or slipped joint design  
A friction grip joint design relies on a sufficiently high 
clamping force to prevent slippage of the clamped joint 
parts due to external (transverse) loading, FQ. A bearing 
joint is one in which the clamped parts have slipped until 
the bolts “bear” the clearance holes. Bolts in this type of 
joint configuration are subjected to a combination of axial 
and shear stresses.  
In many industries the friction grip option is taken for the 
following reasons. Provided that slip does not occur the 
bolt only feels tensile load due to preload. Furthermore 
the high bolt preload required to produce the necessary 
clamping  force  means  that  the  bolt  only  feels  a  small 
portion of externally applied tensile loads, which greatly 
increase  fatigue  resistance.  Another  advantage  is  that 
large  clearance  holes  can  be  used  which  facilitates 
assembly  and  interchangability.  The  shear  joints 
considered here are designed to operate in friction grip 
conditions. 
In the in-plane panel joint shown in FIG 1 the edges of the 
honeycomb  panels  are  sandwiched  between  two 
connection  strips  and  the  load  is  transferred  via  two 
faying surfaces. The same type of connection can also be 
established  using  only  one  strip  but  in  such  a 
configuration  the  joint  is  not  symmetric  to  the  loading 
axis and a moment is introduced. Hence, a design with 
two connecting strips should be used when possible. 
2.2  ‘T’ Joints 
An illustration of a ‘T’ joint between honeycomb panels 
is shown in the following Figure: 
 
FIG 2.  Illustration of a ‘T’ joint between honeycomb 
panels. 
From the illustration it can be seen that the upper part of 
the  joint,  where  the  vertical  panel  connects  with  the 
brackets, is equivalent to one side of an in-plane joint and 
will ideally operate as a shear joint. In the lower part of 
the  joint  the  base  of  the  bracket  is  connected  to  the 
horizontal panel via a fastener. Here the horizontal panel 
is locally reinforced with two lines of bobbin inserts that 
follow the length of the joint. These inserts are primarily 
subjected to out-of-plane loads and it follows that their 
pull-out strength is a limiting factor in the overall strength 
of the ‘T’ joint. 
2.3  Corner Joints  
An  illustration  of  a  typical  corner  joint  between 
honeycomb panels is shown in the figure below: 
 
FIG 3.  Illustration of a corner joint between honeycomb 
panels. 
In  terms  of  load  transfer  mechanism  corner  joints  are 
relatively similar to in-plane panel joints since in many 
circumstances one or both sides of the joint operate like a 
shear joint. If the loading action is parallel to the joint line 
then both sides of the joint will operate as shear joints. If 
load is parallel to one panel but orthogonal to the joint 
line then the side of the joint associated with that panel 
will operate as a shear joint while the other sided will 
operate as an axially loaded joint. 
3  INSERTS 
In  spacecraft  structures  inserts  are  hard  points  which 
allow the transmission of point or line loads. Apart from 
panel  to  panel  connections  inserts  are  also  used  for 
attaching  external  equipment  (boxes,  feed  lines,  cable 
ducts) and to establish connections with other structural 
elements (frames, profiles).   
Edge  inserts  are  specifically  designed  for  shear  joint 
applications.  These  inserts  are  elongated  in  shape  and 
normally span the length of a bolt group but they may 
also be long enough to cover the entire length of a panel 
edge  and  support  multiple  bolt  groups.  As  well  as 
supporting  the  high  clamping  load  from  the  bolts  edge 
inserts  also  protect  the  panel  edge  from  any  external 
damage. Although not specifically designed for the task 
the more generic bobbin insert design can also be used at 
the panel edge for shear joint applications. Using bobbin 
inserts  does  not  protect  the  panel  edge  from  external 
damage  but  has  the  advantage  of  being  more  cost 
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Edge Inserts effective since the insert design is simpler and requires 
less machining time. 
The type of inserts used to resist out of plane loads in ‘T’ 
joints are analogous to the type of inserts used to attach 
external equipment. Hence, for convenience, these inserts 
are referred to as equipment inserts here and are going to 
be discussed in more detail in the next section.   
3.1  Equipment Inserts 
Generally equipment inserts are metallic and are in the 
shape of a hollow cylindrical body with flanged ends (i.e. 
in the shape of a bobbin). The mechanical connection is 
achieved through the hollow part of the insert, which in 
most  cases  is  threaded  but  can  also  be  an  unthreaded 
clearance hole for a through-the-thickness type insert. The 
load transfer is actually achieved via the contribution of 
various structural elements, so it is more appropriate to 
talk  about  the  “insert  system”.  This  structural  system 
consists of three main components: the insert itself, the 
surrounding  sandwich  structure,  and  filling  material 
(adhesive foam or potting compound). The filling material 
is required to provide a connection between the insert and 
the surrounding sandwich structure elements in order to 
ensure a proper load transfer: the transmission of shear 
loads from the insert to the surrounding honeycomb core 
walls is of primary importance. 
Equipment inserts can be split in two important categories 
depending  on  the  method  of  integration  into  the 
honeycomb panel; hence a distinction is made between 
hot bonded inserts and cold bonded inserts (see FIG 4). In 
the hot bonded arrangement the insert flanges are bonded 
with both of the panel face sheets and the insert body is 
surrounded by adhesive foam, which acts as the filling 
material of the insert system and allows axial loads to be 
transmitted to the honeycomb core via shear. The insert is 
thus sandwiched between the two face sheets and must be 
of the same height as the honeycomb core. A hot bonded 
inserts  may  thus  be  also  regarded  as  a  through-the-
thickness  type  insert
[4],[5].  A  through-the-thickness 
arrangement  can  also  be  obtained  by  using  the  cold 
bonded method of integration but, normally, this is used 
to  produce  either  fully  potted  or  partially  potted  insert 
arrangements. In the present paper cold bonded inserts are 
treated  as  having  either  fully  potted  or  partially  potted 
arrangements.  In  these  arrangements  the  insert  is 
immersed  in  a  potting  compound  (generally  a  two-
component resin) and only the side of the top flange is in 
contact with the top face sheet of the panel. The insert is 
thus  potted  into  a  hole  machined  into  an  existing 
sandwich  panel.  The  potting  compound  plays  an 
analogous role to the adhesive foam used for hot bonded 
inserts (i.e. operates as the filling material), but also acts 
as a bonding medium between the bottom of the insert 
and  the  under  laying  honeycomb  core  (for  a  partially 
potted insert) and face sheet (for a fully potted insert). To 
provide an adequate bond, a minimum layer of compound 
is  required  underneath  the  insert.  This  means  that  the 
insert height has to be shorter than the core height but, 
provided  that  this  condition  is  met,  inserts  of  different 
heights can be used. 
Although inserts have been widely used in the 
aerospace industry, little material has been published in 
the  field  of  equipment  inserts
[3],[9]  and  most  of  the 
published work deals with cold bonded inserts  
 
FIG 4.  Illustration of insert types used in honeycomb 
panels. 
4  JOINT O PTIMIZATION 
Bolt size and the number of bolts are the most important 
parameters  to  consider  when  optimizing  bolted  joints. 
Because bolts come in discrete sizes (e.g. M4, M5, M6, 
etc.  for  metric  bolts)  there  is  only  one  optimum 
combination  of  bolt  size  and  bolt  number  which  will 
maximize the efficiency of joint under a given load. A 
procedure  aimed  at  selecting  optimum  combinations  of 
bolt  size  and  bolt  number  has  been  implemented  in  a 
system of Excel spreadsheets which is described in the 
following section. 
4.1  Analysis Procedure 
The  system  of  spreadsheets  relies  on  a  bolt  selection 
procedure for friction grip joints which is outlined in the 
ESA manual on threaded fasteners
[2].  
From a given bolt number and a bolt material the bolt 
selection  procedure  is  used  to  select  the  minimum 
required bolt sizes for a range of external loads. The bolt 
sizes  are  selected  from  a  bolt  database  which  contains 
information regarding preload capabilities and mass of all 
the listed bolts. The inserts used in friction grip joints are 
primarily  subjected  to  a  compressive  force  due  to  bolt 
preload and can thus be sized according to the type of bolt 
that is used in the joint. The bolt database includes the 
size and mass of the optimized inserts corresponding to 
all  the  listed  bolts.  Making  an  assumption  for  the 
thickness  of  the  connecting  strips  and  the  separation 
between bolts it is possible to determine the strip mass per 
bolt. 
Hence, when a bolt is selected from the bolt database it is 
also possible to determine the mass of the resulting joint. 
Dividing  the  external  load  by  this  value  gives  the 
efficiency of the joint in terms of load carrying capability 
per unit mass. 
Using  the  data  generated  in  the  spreadsheets  it  was 
possible obtain plots which show how joint efficiency for 
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Bottom Face 
Sheet 2  to  5  bolt  number  joint  configurations  varies  with 
external load. One of these plots is shown in FIG 5. This 
plot was generated using stainless steel bolt properties and 
is relevant to in-plane joint configurations between two 20 
mm thick honeycomb panels. 
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FIG 5.  Joint efficiency plotted against external joint 
load. 
The behaviour of the curves shown in the above plot can 
be  explained  as  follows:  While  the  bolt  size  remains 
unaltered  the  overall  joint  mass  stays  constant  and 
consequently  the  efficiency  increases  linearly  with 
external load. However, after a certain limit in external 
load is reached a step increase in bolt size is required to 
provide the necessary clamping force. The selection of a 
larger  bolt  size  causes  a  sharp  increase  in  joint  mass 
which  in  turn  results  in  a  sharp  decrease  in  joint 
efficiency.  The  process  repeats  again  and  again  and  is 
graphically represented by the sawtooth shaped curves in 
FIG 5. 
The  plot  in  FIG  5  shows  that  the  optimum  number  of 
bolts required to maximize joint efficiency is dependent 
on external load; however, there is no trend towards fewer 
or  greater  bolt  numbers  at  lower  or  higher  values  of 
external  load.  For  each  curve  it  can  be  seen  that  the 
efficiency is at its highest when the bolts are operating at 
a preload level close to their maximum allowable. The 
sawtooth curves representing the different bolt numbers 
are staggered meaning that the optimum number of bolts 
alternates over different external load ranges. Because of 
this alternating pattern being able to produce a plot of the 
type  shown  in  FIG  5  can  be  of  great  assistance  when 
designing bolted joints. 
4.2  Finite Element Analysis of Bolted Joints 
Apart from generating enough clamping force to ensure 
friction  grip  conditions,  another  important  factor  in 
designing bolted joints between honeycomb panels is to 
ensure  that  the  connecting  strips  are  strong  enough  to 
support the external loads that are applied to the joint; the 
connection strips are subjected to particularly high stress 
levels when out of plane bending loads are applied to the 
joint. In light of this, numerous FE analysis of different 
joint configurations were carried out with the main aim of 
assessing the stress levels experienced by the connection 
strips under different loading conditions.  
Various  configurations  of  an  in-plane  bolted  joint 
between two honeycomb panels were modelled in order to 
assess the effect of the following parameters: no. of bolts, 
separation between bobbins, and bolt material. 
Geometric models of the joints were crated in SolidEdge 
and  were  then  exported  to  Ansys  Workbench  for 
postprocessing and analysis. For each model five sets of 
results were  generated by  considering  five  fundamental 
loading  conditions:  in-plane  tension,  in-plane 
compression, in-plane shear, out of plane shear, and out-
of-plane bending. 
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FIG 6.  Loading conditions considered for FE analysis of 
bolted joints. 
A  large  amount  of  data  was  generated  from  the  FE 
analysis of the various models; however, the presentation 
of these quantitative results is outside the scope of this 
paper.  Instead,  attention  will  be  focused  on  the  more 
insightful qualitative findings that were interpreted from 
the data. 
The following are some of the key findings: 
•  The most highly stressed components are almost 
always the connection strips. 
•  Larger  bolt  groups  appear  to  be  less  effective 
than smaller ones. However, larger bolt groups 
are more attractive when considering single point 
failure. 
•  Bolt preload alone takes the bolts close to the 
maximum  stress  allowable.  There  is  a  need  to 
find  better  ways  of  distributing  the  high 
clamping forces generated by bolt preload. 
5  TESTING OF EQUIPMENT INSERTS 
Accurate  knowledge  of  the  out-of-plane  strength 
capability of equipment inserts is of key importance when 
designing  “T”  joints  between  honeycomb  panels.  The 
determination  of  this  strength  parameter  via  analytical 
methods is not simple and presents various uncertainties 
(e.g.  manufacturing quality);  as  a  result,  allowables for 
the out-of-plane strength capability of equipment inserts 
are  generally  obtained  by  testing  numerous  reference 
samples.  Testing work has been carried out on both hot bonded and 
cold bonded reference samples and is presented here after 
some  background  information  about  the  structural 
performance  of  equipment  inserts  in  general.  Results 
obtained from an analytical model relevant to the tested 
samples are also presented. 
5.1  Static Strength Capabilities of Equipment 
Inserts 
The insert system can be subjected to 5 basic types of 
loads which may act alone or in different combinations. 
Bending and torsional loads should be minimized since 
inserts  are  not  suited  to  carrying  these  types  of  loads. 
Torsional  loads  in  particular  should  be  just  limited  to 
screwing  and  locking  torques  only.  Excessive  bending 
and torsional loads can be easily avoided by using insert 
groups to convert moments into simple forces which are 
either parallel or normal to the insert axis (e.g. bending 
loads  can  be  avoided  by  using  coupled  inserts  which 
convert the load to tension/compression).  
The  normal  tensile  and  compressive  load  carrying 
capabilities are the most important strength parameters in 
defining  the  structural  performance  of  inserts.  In  the 
Insert  Design  Handbook
[3]  strength  data  regarding  the 
structural performance of cold bonded inserts is limited to 
normal tensile and compressive loads, and the literature 
available  on  the  topic  of  inserts  in  general  is  only 
concerned with these two load types. 
5.2  Failure Modes under Normal Tensile 
Loads 
In  the  Insert  Design  Handbook  it  is  shown  that,  for  a 
given  potting  height  hp,  the  decisive  failure  modes 
affecting  the  static  strength  capability  Pss  of  a  cold 
bonded insert are primarily influenced by the core height 
c. In the graph shown in FIG 7 it can be seen how the Pss 
of a cold bonded insert varies with core height. Looking 
at the Pss curve it is possible to split the graph into three 
areas, each of which associated with a failure mode. In the 
first  part  of  the  graph,  starting  from  hp  =  c,  the  Pss 
increases quasi-linearly with core height. Here the insert 
system fails by shear rupture of the core surrounding the 
insert so the property limiting the Pss is the shear strength 
of the core. The Pss increases quasi-linearly in with core 
height because of the corresponding increase in area over 
which  the  shear  load  is  distributed.  As  the  core  height 
increases the insert becomes partially potted and the core 
underneath the potting is subjected to tensile stress. When 
c – hp reaches a critical value the tensile stress underneath 
the potting reaches the tensile strength of the core, and the 
second failure mode (coinciding with the second part of 
the graph) comes into affect. Now the insert fails by the 
combination  of  shear  rupture  of  the  core  around  the 
potting  and  tensile  rupture  of  the  core  underneath  the 
potting occurring together: the Pss is then simultaneously 
limited  by  the  core  shear  strength  and  the  core  tensile 
strength and, as illustrated in the second part of the graph, 
is almost independent of further increases in core height.  
The  potting  underneath  the  insert  is  also  subjected  to 
tensile  stress  which  increases  with  core  height.  If  this 
stress  exceeds  the  tensile  strength  of  the  potting 
compound  before  the  tensile  strength  of  the  core  is 
reached  the  insert  will  fail  by  tensile  rupture  of  the 
potting. This is likely to occur for strong cores when a 
certain  core  height  is  reached.  As  can  be  seen  in  the 
graph, for this third failure mode, further increases in core 
height result in a mild decrease in Pss.   
 
FIG 7.  Influence of height of core on failure modes
[3]. 
For hot bonded inserts the insert height hi is always equal 
to the core height hc and consequently shear rupture or 
buckling  of  the  core  around  the  insert  are  the  only 
relevant  failure  modes  for  this  insert  type;  hence  static 
strength  capability  always  increases  quasi-linearly  with 
core height.  
5.3  Testing Procedure 
Hot  bonded  insert  reference  samples  and  cold  bonded 
insert  reference  samples  where  produced  in  order  to 
conduct  pull  out  tests.  The  same  sandwich  panel 
specifications were used for both of these coupon types. 
The  sandwich  structure  consisted  of  two  identical 
aluminum face sheets 0.5 mm in thickness, sandwiching a 
19 mm thick aluminum core, designated as ¼” - 5056 - 
.0025” (which should be read as: cell size in inches – Al 
alloy – foil thickness in inches) , 6.35 mm in cell size and 
83  kg/m3  in  density.  All  reference  samples  had 
dimensions 80 × 80 × 20 mm. 
The hot bonded insert reference samples incorporated a 
centrally located aluminum bobbin insert, 16 mm in outer 
diameter, 19 mm in height (i.e. same height as the core), 
introduced during sandwich panel production.  
For the cold bonded reference samples aluminum bobbin 
inserts  were  potted  at  the  center  of  existing  sandwich 
panel  squares  cut  to  match  the  dimensions  specified 
above. The outer diameter has a major influence on Pss so 
in  order  to  ensure  a  proper  comparison  with  the  hot 
bonded reference samples the inserts used here were also 
16 mm in outer diameter but only 7.3 mm in height.  
For all the reference samples the mechanical connection 
could  be  achieved  through an  M5  threaded  hole  at  the 
center of the insert. All the reference samples where subjected to pull-out tests 
using  an  Instron  8802  servohydraulic  testing  machine. 
The  testing  was  conducted  in  accordance  with  the 
guidelines  outlined  in  the  Insert  Design  Handbook.  To 
comply with these guidelines a specifically designed test 
fixture  (see  FIG  8)  was  used  to  hold  the  samples  and 
expose a free circular area 70 mm in diameter around the 
insert.  
 
FIG 8.  Aluminium test fixture. 
The set-up used for all the tests is shown in FIG 9 and is 
described  as  follows:  An  M5  bolt  is  connected  to  the 
reference  sample  via  the  female  threaded  part  of  the 
insert.  The  shank  of  the  bolt  is  contained  within  a 
rectangular  steel  block, which  can  be  clamped  into  the 
grips of the upper crosshead. The lower part of the test 
fixture has a hole in which a steel adapter is inserted. The 
adapter  is  in  the  shape  of  a  cylindrical  body  with  a 
flanged end and is clamped into the grips of the lower 
crosshead at the unflanged end. 
 
FIG 9.  Experimental set-up used for insert reference 
sample tests. 
Once  the  above  set-up  was  achieved,  starting  from  an 
unloaded  condition,  the  specimens  were  loaded  at 
constant  displacement  rate  of  1  mm/min  until  ultimate 
failure  load  occurred.  During  the  tests  load  data  and 
crosshead displacement data were recoded at a sampling 
rate of 1 Hz.  
5.4  Experimental Results 
5.4.1  Hot Bonded Reference Samples 
A  significant  number  of  hot  bonded  reference  samples 
were  tested  as  described  above.  Load  versus  crosshead 
displacement  curves  were  obtained  for  all  the  tested 
samples and curves obtained from one of the production 
batches of samples are shown in FIG 10.  
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FIG 10.   Load Vs crosshead displacement curves for 
tested hot bonded reference samples. 
These results give an average strength capability PSS,av 
is 5.60 kN. The sample size was large enough to justify 
the calculation of a minimum A- basis value PSS,min , 
which  was  done  by  assuming  a  normal  (Gaussian) 
distribution  of  the  sample  population  and  using  the 
following expression: 
(1)  ,min , 99 SS SS av P P s k = − ×  
where  k99  is  a  one-sided  tolerance-limit  factor  which 
varies with sample size, values for which can be found in 
tabulated format in MIL-HDBK-5.  
After  testing  some  of  the  reference  samples  were 
sectioned  across  the  center  in  order  to  check  the 
manufacturing quality and identify failure modes (see FIG 
11). By visual observation it is evident that buckling core 
surrounding  the  insert  is  the  main  failure  mode.  No 
manufacturing  defects  were  detected  in  the  sectioned 
reference samples. 
 
FIG 11.  Image of a hot bonded reference sample 
sectioned after testing. 
5.4.2  Cold Bonded Reference Samples 
A fewer number of cold bonded reference samples were 
produced  and  tested.  Typical  load  versus  crosshead displacement curves obtained from these testes are shown 
in FIG 12. For Coupon a the slope of the load curve drops 
almost completely between 0.2 and 0.4 mm of crosshead 
displacement. This is probably due to slip occurring in 
one of the interfaces of the experimental set-up. The curve 
appears to follow the same behavior of Curve b after 0.4 
mm.  
Curve a shows a typical static strength capability PSS of 
3.75  kN.  The  statistical  sample  was  too  small  to 
determine a meaningful minimum A- basis value. 
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FIG 12.   Load Vs crosshead displacement curves for 
tested hot bonded reference samples. 
Again some of the reference samples were sectioned after 
testing  (see  FIG  13)  to  check  the  potting  quality  and 
identify the main failure mode. From FIG 13 it can be 
seen that the rupture of the potting underneath inserts is 
the  main  failure  mode.  Cracks  which  have  developed 
from the corners of the lower flange can be also seen and 
are probably at the origin of the potting failure.  
   
FIG 13.   Image of a cold bonded reference sample 
sectioned after testing. 
5.5  Analytical Analysis of Tested Insert 
Systems 
The Insert Design Handbook contains a vast range of data 
concerning the normal tensile and compressive strength 
capabilities  of  cold  bonded  inserts.  These  data  are 
presented in the form of diagrams (see FIG 14) which, for 
a given core type and insert size; show how the minimum 
and average load carrying capability values vary with core 
height. Each diagram contains minimum and average load 
curves  for  five  facing  sheet  thicknesses  values  varying 
from  0.1  to  0.8  mm.  The  minimum  Pss  values  are 
regarded  as  A-  basis  values  meaning  that  99%  of 
specimens  are  expected  to  exceed  this  value  with  a 
confidence level of 95%. 
 
FIG 14.  A typical diagram illustrating load carrying 
capabilities of cold bonded inserts. 
The  honeycomb  cores  for  which  diagrams  have  been 
produced were 0.02 or 0.03 mm in foil thickness and 3.2 
or 4.8 mm in cell size, however the honeycomb core used 
for the experimental work described above is heavier with 
0.06 mm foil thickness and 6.35 mm cell size.  
The diagrams are actually produced using an analytical 
method  which  has  been  compared  with  test  results  to 
verify its validity and produce reliability coefficients.  
By  incorporating  this  analytical  model  in  an  Excel 
workbook  it  was  possible  to  accurately  reproduce  the 
diagrams shown in the Insert Design Handbook. By using 
the appropriate parameters a diagram relevant to the core 
specifications and insert dimensions used for the tested 
cold bonded insert reference samples was generated (see 
FIG 15).   From the diagram it can be seen that for a core 
height  of  19  mm  the  behaviour  of  both  curves  is  still 
quasi-linear indicating that the insert system fails by shear 
rupture  of  the  core  around  the  potting.  The  predicted 
average  PSS,av  value  is  6.14  kN  and  the  minimum 
PSS,min value is 4.38 kN.  
From  the  prospective  of  the  analytical  model  the  only 
difference  between  the  hot  bonded  and  cold  bonded 
reference samples is in the insert height hi. 
The diagram in FIG 15 was produced for an insert height 
of 7.3 mm. However the Insert Design Handbook states 
that  the  diagram  would  also  be  applicable  to  other  hi 
values. The insert height only controls the break of the 
curves,  where  the  quasi-linear  behaviour  stops  and  the 
failure  mode  changes.  For  higher  hi  values  the  curve break occurs at higher core height values and vice-versa. 
Hence if the diagram in Figure s was reproduced for a an 
insert  height  of  19  mm  the  break  in  the  PSS,av  and 
PSS,min  curves  would  occur  at  higher  values  of  core 
height. At a core height of 19 mm (i.e. the hot bonded 
insert configuration) the behavior of the curves would still 
be  quasi-linear  and  indicate  the  same  load  carrying 
capability values PSS,av = 6.14 kN and PSS,min = 4.38 
kN.  This  means  that  the  analytical  model  does  not 
distinguish  between  the  hot  bonded  and  cold  bonded 
reference samples.   
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FIG 15. Load carrying capability diagram produced from 
the analytical analysis of the tested cold bonded reference 
samples. 
5.6  Discussion of Results 
The experimental and analytical results are summarized in 
the following table: 
  Experimental 
Results  Analytical Results 
  PSS,av 
[kN] 
Typical 
PSS [kN] 
PSS,av 
[kN] 
PSS,min 
[kN] 
Hot Bonded 
Samples  5.60  N/A 
Cold Bonded 
Samples  N/A  3.75 
6.14  4.38 
TAB 1. Summary of reults. 
The experimental results obtained for the hot bonded and 
cold bonded reference samples are both lower than the 
analytical results obtained from the model found in the 
Insert  Design  Handbook.  The  difference  is  particularly 
significant for the cold bonded reference samples where 
the  typical  PSS  is  much  lower  than  the  analytical 
prediction.  There  is  also  a  discrepancy  in  terms  of  the 
failure mode: the diagram in FIG 15 predicts a failure by 
shear rupture of the core around the potting but the tested 
samples  failed  by  rupture  of  the  potting  compound 
underneath  the  insert.  Hence  for  the  cold  bonded 
reference samples the lower than expected load carrying 
capability occurs due to a premature potting failure. As 
mentioned above cracks developing from the corners of 
the lower flange were observed in the sectioned reference 
samples. These corners were quite sharp and it is likely 
that  they  caused  excessively  high  stress  concentrations, 
leading to an earlier failure of the potting compound and a 
lower than expected performance of the insert system.  
The  experimental  results  obtained  for  the  hot  bonded 
reference  samples  correlate  better  with  the  analytical 
predictions.  The  experimental  PSS,av  was  about  9% 
lower than the analytical prediction and the experimental 
PSS,min  was  about  6%  lower  than  the  analytical 
prediction.  However,  as  for  the  cold  bonded  reference 
samples,  a  discrepancy  was  noticed  between  the  actual 
failure mode and that predicted by the model. Failure still 
occurs  in  the  core  but  it  involves  buckling  of  the  cell 
walls rather than shear rupture.   
6  CONCLUSIONS 
The  paper  highlights  and  takes  the  first  steps  in 
addressing  the  major  issues  associated  with  the 
optimization of bolted joints between honeycomb panels.  
A  procedure  aimed  at  optimizing  the  combination  of 
number of bolts and bolt size in shear joint applications 
was  presented  along  with  an  example  of  the  graphical 
results that can be obtained.  
From  the  finite  element  analysis  it  was  found  that 
distributing  the  high  clamping  forces  caused  by  bolt 
preload is one of the main limiting factors in designing 
joints that are light and have strength properties close to 
the honeycomb panels that they connect. 
Emphasis was placed on the use of inserts and how this 
adds a level of complexity to the design and optimization 
of joints between honeycomb panels. Particular attention 
is devoted towards equipment inserts and the important 
role they play in ‘T’ joints. A study on hot bonded inserts 
has  been  conducted  to  assess  their  performance  and 
compare  them  with  cold  bonded  inserts.  From  the 
experimental results it appears that the hot bonded inserts 
significantly outperform cold bonded inserts in terms of 
static strength capability. A lower performance from the 
cold  bonded  inserts  was  expected  since  it  is  generally 
recognized  that  inserts  arranged  in  a  through-the-
thickness configuration are superior to inserts arranged in 
partially potted or fully potted configurations. However, 
their performance was also significantly lower than what 
was  predicted  from  the  analytical  model.  In  fact  after 
inspection  of  the  sectioned  specimens  some  significant 
voids in the potting compound were detected in some of 
the  specimens,  which  suggests  that  a  tighter  quality 
control has to be implemented during the installation. In 
view of this an improved procedure is being implemented 
in order to produce more cold bonded reference samples 
and extend the current database of tensile test results.  References 
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